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DARK CURRENT AND DEFECTIVE PIXEL CORRECTION APPARATUS 

ABSTRACT OF THE DISCLOSURE 

A dark current correction apparatus eliminates a 
dark current signal component or components from an 
output signal of an imaging device having an array of 
pixels. The apparatus includes an A/D converter for 
digitizing the output signal, and a memory for storing 
level data of the digitized signal while exposure of the 
imaging device is controlled to be at a zero level or a 
uniformly illuminated level, according to whether dark 
current correction or white current correction, 
respect ively, is to be performed* A dark current 
correction gignal former generates a dark current 
correction signal or signals from data read out from the 
memory. The dark current correction signal or signals are 
applied to a correction circuit which processes an output 
signal produced by the imaging device during normal 
imaging operation in accordance with the correction 
signal or signals in order to eliminate the dark current 
signal component or components from that output signal. 
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BACKGROUND OF THE TNV5NTTQM 

Field of the Invention 

This invention relates to dark current correction 
apparatus for eliminating a dark current signal component 
from an output signal of an image pick-up device having a 
plurality of pixels, which may for example be arranged in 
an array having, for instance, a matrix conf iguration. 

Description of the Prior Art. 

Output signals (also referred to hereinafter as 
"imaging output signals") obtained from image pick-up 
devices (also referred to hereinafter as 11 imaging 
devices") such as video cameras are known to suffer from 
dark current arising from a number of causes, such as 
fluctuations in sensitivity of the imaging device or dark 
current effects, that is distortions in brightness over a 
wide extent of a viewing screen. For example, in a solid 
state imaging device, such as a charge coupled imaging 
device (CCD imaging device) , it has been proposed to use 
a variety of image sensors, such as frame charge 
transfer, interline charge transfer or frame interline 
charge transfer type image sensors, according to which 
signal charges from pixels of the sensor, which are 
arranged in a matrix configuration, are transferred in 
the vertical direction and sequentially read out by means 
of a horizontal transfer register, .so that one horizontal 
line is read out during one horizontal scanning period, 
and the signal charges for the totality of the pixels of 
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the device (and therefore for the totality of the pixels 
of a field or frame) are read out during one vertical 
scanning period, so as to produce an imaging output 
signal. Thus, a dark current proportional to the time 
during which the signal charges are transferred to the 
horizontal transfer register is added to the signal 
charges to give rise to sawtooth (serrated) changes in 
brightness during each vertical scanning period, that is 
dark current in the vertical direction. On the other 
hand, the dark current in the horizontal transfer 
register gives rise to sawtooth (serrated) changes in 
brightness during each horizontal scanning period, that 
is dark current in the horizontal direction. 

In general, the above-mentioned dark current may be 
classified into white (modulation) according to which the 
output is lowered in peripheral regions of the viewing 
screen, and blaqk (superposition) according to which the 
black level is not uniform throughout the viewing screen. 
Dark current correction processing is conventionally 
performed by mixing dark current correction signals into 
the imaging output signals in an analog fashion, using a 
multiplier for white and an adder for black. The dark 
current correction signals may be formed by generating 
sawtooth and parabolic signals for the horizontal and 
vertical directions, and combining these signals. 

With the conventional dark current correction 
circuit, output levels of the' sawtooth signal generators 
and the parabolic signal generators may be manually 
adjusted by means of a level control means, such as a 
volume knob. Thus, the output levels of the signal 
generators are adjusted manually to achieve optimum dark 
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current correcting processing while reference is 
continuously made to a waveform monitor, U.S. Patent No. 
4,731,652, issued March IS, 1988 to Yamanaka, discloses 
such an arrangement in which the levels of output signals 
of horizontal and vertical sawtooth and parabolic 
waveform generators are manually adjustable by means of 
gain control circuits comprising variable resistors. 

rf use is made of a three color CCD imaging system 
in which an object image is separated into color 
components, for example red, green and blue components, 
and images of the three color components are formed 
separately by three respective imaging devices, dark 
current correction has to be performed for each of the 
imaging devices . 

Since, with the conventional dark current correction 
circuit, dark current correction is achieved by manually 
adjusting the output levels of the sawtooth and parabolic 
signal generators while continuously referring to a 
waveform monitor, the problem arises that a time- 
consuming adjustment operation by a skilled operator is 
needed for achieving accurate adjustment. This problem 
is serious even in the case of a single output imaging 
device . The problem is even more serious in the case of 
the three color CCD imaging system, in that the dark 
current correction that has to be performed for each of 
the three imaging devices is even more labor-intensive 
and time-consuming. 

SUMMARY., ANT? OBJECTS OF THF! INVENTION 



First Form of Implementation 
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A first object of che invention is to provide a dark 
current correction apparatus for eliminating (wholly or 
partially) a dark current signal component from an 
imaging output signal of one or more imaging devices 
having a plurality of pixels {arranged for instance in a 
matrix configuration) , which enables satisfactory dark 
current correction to be achieved quickly and reliably. 

According to one aspect of a first form of 
implementation thereof, directed to achieving the first 
object mentioned above, the invention provides a dark 
current, correction apparatus in which dark current, 
correction data for use in dark current correction are 
formed from an imaging output signal obtained from an 
imaging device and are stored in memory means, the dark 
current correction data are read out from the memory 
means during actual imaging, and dark current correction 
of the imaging output signal of the imaging device is 
automatically performed by correction means with the aid 
of a dark current correction signal formed by correction 
signal forming means on the basis of the stored dark 
current correction data. 

According to another aspect of the first form of 
implementation thereof, the invention provides a dark 
current correction apparatus for eliminating (partially 
or wholly) dark current signal components from imaging 
output signals of plural imaging devices each having an 
array of a large number of pixels in a matrix 
configuration, wherein level data of imaging output 
signal portions corresponding to a predetermined number 
of the pixels are stored in storage means as dark current 
correction data, those imaging output signals of the 
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imaging devices having been produced under light exposure 
control by light exposure control means and digitized by 
analog/digital converters, dark current correction 
signals are formed by dark current correction signal 
forming means on the basis of the dark current correction 
data read out from the storage means, and imaging output 
signals of the imaging devices are automatically 
processed by dark current correction means during actual 
imaging on the basis of dark current correction signals 
supplied by correction signal forming means. 

According to a further aspect of the first form of 
implementation thereof, the invention provides a dark 
current apparatus for eliminating dark current signal 
components of imaging output signals of imaging devices 
each having a large number of pixels arranged in a matrix 
configuration, the apparatus comprising light exposure 
control means for the imaging devices, analog to digital 
converters for digitizing imaging output signals of the 
imaging devices, storage means for storing level data of 
the imaging output signals of a predetermined number of 
the pixels as dark current correction data, those imaging 
output signals of the imaging devices having been 
produced under light exposure control by the light 
exposure control means and digitized by the analog to 
digital converters, dark current correction signal 
forming (generating) means for forming dark current 
correction signals on the basis of the dark current 
correction data read out from the storage means, and 
correction means for subjecting imaging output signals of 
the imaging devices to dark current correction processing 
on the basis of the shading correction signals formed by 
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the correction signal forming means during imaging. The 
output signals of the analog to digital converters are 
thus available to downstream signal processing circuits 
as dark current corrected imaging output signals. 

The stored dark current correction data may be 
derived from imaging output signals produced by the 
imaging devices under a condition in which no light is 
incident on imaging surfaces of the imaging devices, 
whereby dark current correction signals are formed by the 
correction signal forming means on the basis of the dark 
current correction data read out from the storage means. 
The correction means may then subject the imaging output 
signals to dark current correction by subtracting the 
dark current correction signals from imaging output 
signals of the imaging devices. 

Additionally or alternatively, the stored dark 
current correction data may be derived from imaging 
output signals produced by the imaging devices with light 
of uniform light intensity or volume incident on the 
entirety of the imaging surfaces of the imaging devices, 
whereby dark current correction signals are formed by the 
correction signal forming means on the basis of the dark 
current correction data read out from the storage means . 
The correction means may then subject the imaging output 
signals to white shading correction by dividing the 
imaging output signals of the imaging devices by the dark 
current correction signals. 

The storage means may comprise a random access 
memory and an electrically erasable programmable read- 
only memory, and the output signals of the analog to 
digital converters may be stored in the programmable 
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read-only memory at a reduced data volume so that the 
number of the output data is lesser at the middle than at 
the margin (periphery) of each of the imaging surfaces. 
The random access memory may be used for forming the dark 
current correction data or correcting the dark current on 
the basis of the dark current correction data, whereas 
the electrically erasable programmable read-only memory 
thereof may be used for prolonged storage of the dark 
current correction data. 

SfiSfllld Form of Imnleniftntahinn 

A second object of the invention is to provide a 
dark current correction apparatus for performing dark 
current correction of an imaging output signal from an 
imaging device by means of a sawtooth signal generated by 
a sawtooth signal generating means and a parabolic signal 
generated by a parabolic signal generating means, in 
which optimum dark current correction processing may be 
realized quickly and reliably. 

A third object of the invention is to provide a dark 
current correction apparatus in which sawtooth and 
parabolic signals having signal levels necessary for 
effecting dark current correction are formed 
automatically on the basis of an imaging output signal 
obtained from the imaging device, in order that a 
satisfactory dark current correcting operation may be 
performed automatically. 

According to one aspect of a second form of 
implementation thereof, directed to achieving the second 
and third objects mentioned above, the invention provides 

S 
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a dark current correction apparatus in which an imaging 
output signal from an imaging device is subjected to dark 
current correction processing by means of sawtooth 
(serrated) signals from sawtooth (serrated) signal 
generating means and parabolic signals from parabolic 
signal generating means, level data of an imaging output 
signal of pixels of the imaging device produced with no 
light incident on the imaging device, or with light of 
uniform light intensity incident on the whole of an 
imaging surface of the imaging device, are sampled at 
predetermined intervals in the vertical and horizontal 
directions to produce first and second data strings, 
coefficients of the sawtooth signals and parabolic 
signals used for dark current correction processing are 
calculated on the basis of the first and second data 
strings and, using these coefficients, the signal levels 
of the sawtooth signals and parabolic signals are 
controlled during imaging in order automatically to 
perform satisfactory dark current correcting processing. 

According to another aspect of the second form of 
implementation thereof, the invention provides a dark 
current correction apparatus for eliminating (partially 
or wholly) a dark current signal component from an 
imaging output signal produced by an imaging device 
having an array of a large number of pixels arranged in a 
matrix configuration, the apparatus comprising an analog 
to digital converter for digitizing an imaging output 
signal from the imaging device, sampling means for 
sampling level data of an imaging output signal for 
pixels of said imaging device at predetermined intervals 
in the vertical and horizontal directions in order to 
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produce first and second data strings, that imaging 
output signal having been produced and digitized by the 
analog to digital converter with no light incident on the 
imaging device, or with light of a uniform light 
intensity incident on all of an imaging surface of the 
imaging device, arithmetic means for finding first and 
second quadratic curves on the basis of the first and 
second data strings outputted from the sampling means, 
sawtooth signal generating means for generating a 
sawtooth signal, parabolic signal generating means for 
generating a parabolic signal, a first level control 
circuit for controlling the signal level of the parabolic 
signal on the basis of coefficients of the second order 
terms of the first and second quadratic curves found by 
the arithmetic means, a second level control circuit for 
controlling the signal level of the sawtooth signal on 
the basis of coefficients of the first order terms of the 
first and second quadratic curves found by the arithmetic 
means, and correction means for subjecting an imaging 
output signal from the imaging device to dark current 
correction processing by the parabolic and sawtooth 
signals as controlled in signal level by the first and 
second level control circuits. Output data of the analog 
to digital converter are thus available to downstream 
signal processing circuitry as dark current corrected 
imaging output data. 

BRIBE nBSf TRTPTTOW OF THE DRAWINGS 

The above and other objects, features and advantages 
of this invention will be apparent from the following 
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detailed description of illustrative embodiments thereof, 
which is to be read in conjunction with the accompanying 
drawings, in which: 

Fig. 1 is a block diagram showing the construction 
of a dark current correction apparatus according to a 
first embodiment of the invention; 

Fig, 2 is an illustrative view showing the 
arrangement of an array of pixels of a solid-state 
imaging device supplying an imaging output signal to the 
dark current correction apparatus of Fig. 1/ and typical 
shading characteristics thereof in the horizontal and 
vertical directions; 

Fig, 3 is an illustrative view showing data strings 
of black dark current shading correction data and white 
dark current correction data stored in a memory of the 
shading correction apparatus- of Fig, 1; 

Fig. 4 is a block diagram showing the detailed 
construction of a data processing circuit of a dark 
current correction signal forming section of the dark 
current correction apparatus of Fig. 1; 

Fig. 5 is a flow chart showing a control procedure 
carried out by a system controller of the dark current 
correction apparatus of Fig. 1; 

Figs. 6a and 6b are waveform diagrams showing a dark 
current correction signal formed by the dark correction 
signal forming section of the apparatus of Fig. 1; 

Fig. 7 is a block diagram showing the construction 
of a dark current correction apparatus according to a 
second embodiment of the invention; 

Fig. 8 is an illustrative view showing an array of 
pixels of a solid-state imaging device supplying an 
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imaging output signal to the dark current correction 
apparatus of Fig. 7, and exemplary dark current 
characteristics thereof in the horizontal and vertical 
directions; 

Fig. 9 is a block diagram showing an exemplary 
sawtooth signal generating circuit of a digital circuit 
configuration that can be employed in the dark current 
correction apparatus of Fig. 7; 

Fig. 10 is a graph showing output characteristics 
for use in describing the operation of the sawtooth 
signal generating circuit shown in Fig, 9/ 

Fig, 11 is a block diagram showing an exemplary 
parabolic signal generating circuit of a digital circuit 
configuration that can be employed in the dark current 
correction apparatus of Fig. 7; and 

Fig. 12 is a graph showing output characteristics 
for use in describing the operation of the parabolic 
signal generating circuit shown in Fig. 11. 

DESCRIPTION OF TH E PREFERRED EMBODIMENTS 

A dark current correction apparatus according to a 
first embodiment of the invention will now be described 
in detail with reference to Figs. 1 to 6 of the drawings. 
In this specification, "dark current" and "defective 
pixel" corrections are used interchangeably. 

In the present embodiment, the invention is applied 
by way of example to a three color CCD imaging device. As 
shown in Fig. 1, imaging output signals E R , E G and E B 
produced by first, second and third imaging devices 1R, 
1G and IB for R, G and B (red, green and blue) channels, 
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respectively, are supplied to a correction circuit 3 by 
means of preamplifiers 2R, 2G and 23, respectively. The 
imaging devices 1R, 1G and IB constitute an imaging 
section of the above-mentioned three color CCD imaging 
device, which is provided in an imaging optical system 7 
including an imaging lens 4, an iris unit or device 5 and 
a color separation prism 6 . Each of the imaging devices 
1R, 1G and IB is a CCD image sensor formed by a number (M 
x N) of pixels S 1X to S w (Fig. 2) arranged in a matrix 
array comprising a number M of pixels in the horizontal 
direction .and a number N of pixels in the vertical 
direction/ as shown in Fig. 2, and is driven by a CCD 
driver (not shown) so that signal charges from the 
totality of the pixels S u to for each field or frame 
will be read out during one vertical scanning period . 

The red color component of the imaging output signal 
E R of an object image, which has been color-separated by 
the color separating prism 6, is supplied from the first 
imaging device 1R to the correction circuit 3 by way of 
the preamplifier 2R as an R -channel signal . The 
green color component of the image output signal Eq of the 
object image, which has been color- separated by the color 
separating prism 6, is supplied from the second imaging 
device 1G to the correction circuit 3 by way of the 
preamplifier 2G as a G-channel signal. Similarly, the 
blue color component of the image output signal E B of the 
object image, which has been color- separated by the color 
separating prism 6, is supplied from the third imaging 
device IB to the correction circuit 3 by way of the 
preamplifier 2B as a B-channel signal. 

The correction circuit 3 processes the imaging 
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output signals E R , E c and E S/ produced by the imaging 
devices 1R, 1G and 13 for the R, G and B channels, 
respectively, by effecting black dark current correction 
processing and white dark current correction processing. 
The correction circuit 3 includes subtracters 8R, 8G and 
8B for the R, G and B channels, supplied with the imaging 
output signals E R , E G and E B , respectively, and dividers 
10R, 10G and 10B for the R, G and B channels, supplied 
with subtraction output signals from the subtractors 8R, 
8G and 8B, by means of variable gain preamplifiers 9R, 9G 
and 9B, respectively. 

In the correction circuit 3, the subtractors 8R, 8G 
and 8B process the imaging output signals E R , E G and E B of 
the R, G and B channels, respectively, by effecting black 
dark current correction processing by subtracting from 
the imaging output signals E Ri Eg and E B black dark 
current correction signals B^, B^ and B BSK for the R, G 
and B channels, respectively, that are supplied from a 
dark current correction signal forming section 14 by 
which they are generated as described hereinbelow. The 
variable gain amplifiers 9R, 9G and 9B process the 
imaging output signals E R , E G and E B of the R, G and B 
channels by signal level adjustment, such as white 
balance or black balance adjustment, and are gain- 
controlled by control signals for the R, G and B channels 
supplied from a system controller 27 described 
hereinbelow- The dividers 10R, 10C and 10B process the 
imaging output signals E s , E G and E B of the R, G and B 
channels, respectively, by effecting white dark current 
correction processing by dividing the imaging output 
signals E R , E c and E B by white dark current correction 
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signals W RSK , W GSH and W 3SH for the R, G and B channels, 
respectively, that are supplied from the dark current 
correction signal forming section 14. 

The dividers 10R, 10G and 10B may be implemented as 
multipliers operative to multiply the imaging output 
signals E R , E G and E 9 of the R, G and B channels by 
reciprocals of the white dark current correction signals 
Wrshi W gsh and Wesa, respectively. 

The imaging output signals E R , E G and E B , corrected 
by the correction circuit 3, are supplied therefrom to 
analog to digital (A/D) converters 12R, 12G and 12B of 
the R, G and B channels, respectively, via respective 
preknee circuits 11R, 11G and 1 IB. 

The preknee circuits 11R, 11G and 11B effect non- 
linear processing of the imaging output signals E R , and 
E B of the R, G and B channels output ted by the correction 
circuit 3 in order to prevent the input signal levels to 
the A/D converters 12R, 12G and 12B exceeding the dynamic 
range thereof , 

The A/D converters 12R, 12G and 12B provide digital 
level data indicating the signal levels of the imaging 
output signals E R , E G and E B as corrected by the 
correction circuit 3. Level data indicating the levels 
of the imaging output signals E R , Eq and E B of the R, G 
and B channels, provided by the A/D converters 12R, 12G 
and 12B, respectively, are supplied as dark current 
corrected concurrent imaging output data D R , D G and D B to 
the dark current correction signal forming section (also 
referred to hereinafter as "the dark current correction 
signal former") 14, and to downstream signal processing 
circuits {not shown) , via defect correction circuits 13R, 
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13G and 13B, respectively. 

The defect correction circuits 13R, 13G and 13B 
process signal charges from defective pixels of the 
imaging devices 1R, 1G and IB, that is parts of the 
imaging output signals E R , E G and E B corresponding to 
defective pixels of the R, G and B channels, by defect 
correction processing that corrects their signal levels 
on the basis of level data of previously detected 
defective pixels. 

The dark current correction signal former 14 
includes: low-pass filters (LPFs) 15R, 15G and 15B 
supplied with the concurrent imaging output data D R/ D G 
and D D of the channels R, G and B, respectively; a data 
selector 16 supplied with the concurrent imaging output 
data D R , D G and D B , respectively, by means of the low-pass 
filters 15R, 15G and 15B; a data processing circuit 17 
supplied with dot sequential data D [R/G/B] selected by 
the data selector 16; a working memory 18, which is an 
overwritable random access memory (RAM) , connected to the 
data processing circuit 17; a backup memory 19, which is 
an electrically erasable and programmable read-only 
memory (EEPROM) , similarly connected to the data 
processing circuit 17; a data selector 20 for 
distributing black correction data D [Brsh/Bgsh/BbshI * 
output ted dot -sequentially from the data processing 
circuit 17, to the R, G and B channels; a data selector 
21 for distributing white shading correction data 
D [Wrsh/ w gsh/ w bsjJ / outputted dot-sequentially from the data 
processing circuit 17, to the R, G and B channels; 
digital to analog (D/A) converters" 23R, 23G and 23B for 
converting the black dark current correction data D [B^] , 
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D [Bgsh] arid D[B SSH ], distributed by the data selector 20, 
into corresponding analog signals; D/A converters 24R, 
24G and 24B for converting the white dark current 
correction data D [W^] , DCW^] and D[W 8SH ] for the R, G and 
B channels, as distributed by the data selector 21, into 
corresponding analog signals; and low-pass filters 25R, 
25G, 2 SB, 26R, 26G and 26B provided on the output signals 
of the D/A converters 23R, 23G, 23B, 24R, 24G and 24B, 
respectively. 

The low-pass filters 15R, 15G and 15B of the dark 
current correction signal former 14 are digital filters 
having a cut-off frequency equal to one -eighth of a clock 
frequency of the A/D converters 12R, 12G and 12B, and 
limit the bandwidths of the concurrent imaging output 
data D R , D g and a D B to one -eighth by performing bandwidth 
limitation. 

The data selector 16 selects the concurrent imaging 
output data D R , D G and D B of the channels R, G and B, as 
thus bandwidth- limited by the low-pass filters 15R, 15G 
and 15B, dot -sequentially on a channel -by -channel basis, 
thereby forming the dot-sequential data D [R/G/B] with the 
number of data reduced to one -eighth of the original 
number. The dot-sequential data D [R/G/B] # thus formed by 
data selector 16 , indicate dot -sequentially the signal 
levels of the imaging output signals from signal charges 
of every eighth pixel of the pixels S 1X to of the 
imaging devices 1R, 1G and IB, namely those shown hatched 
in Fig. 2. 

It is to be noted that a driver or control circuit 
28 of the iris unit 5 of the imaging optical system 7 is 
so controlled by the system controller 27 that: for 
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detecting the black dark current characteristics, the 
iris unit 5 is closed and the imaging devices 1R, 1G and 
IB perform an imaging operation without any light falling 
on their respective imaging surfaces; and, for detecting 
the white dark current characteristics, the iris unit S 
is opened and the imaging devices 1R, 1G and IB perform 
an imaging operation with light of a uniform light 
intensity corresponding to 100 percent brightness falling 
on the entirety of the imaging surfaces. 

The data processing circuit 17 finds black dark 
current correction data D [B RSH /B 65H /B 8SH ] and white dark 
current correction data D I^rsk/^qsh/^bsh^ # consistent with 
the black and white dark current characteristics of the 
imaging devices 1R, 1G and IB, on the basis of the dot- 
sequential data D [R/G/B] supplied from the data selector 
16, and stores the data dot -sequentially in the working 
memory 18 as shown in Fig, 3. During actual imaging, the 
data processing circuit 17 reads out the black dark 
current correction data D [B RS h/B gsh / b bshJ and the white dark 
current correction data D I^sh/^csh/^bsk^ from the working 
memory 18 dot -sequentially so that the thus read-out data 
can be outputted by means of the data selectors 20 and 
21. 

In the present embodiment, the data processing 
circuit 17 processes the dot-sequential data D [R/G/B] , 
indicating dot-sequentially the signal levels of the 
imaging output signals from signal charges at every 
eighth pixel of the pixels S ia to S w of the imaging 
devices 1R, 1G and IB, by: integrating the level data 
indicative of the imaging output levels of the pixels 
lying at the same horizontal positions P hl to as shown 
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in Fig. 2 to produce a data strong D[l hl to ljj indicating 
the horizontal dark current characteristics with the use 
of level data having a thereby improved signal to noise 
(S/N) ratio to produce horizontal dark current correction 
data dot -sequentially from the data string D[l hl to lhJ ; 
and by integrating the level data indicative of the 
imaging output levels of the pixels lying at the. same ... 
vertical positions P vl to to produce a data string D[l vl 
to lvJ indicating the vertical dark current 
characteristics with the use of level data having a 
thereby improved S/N ratio to produce vertical dark 
current correction data dot-sequentially from the data 
string D[l v i to lvJ . 

The data processing circuit 17 may for example be 
constructed as shown in Fig, 4. Thus, the dot -sequential 
data D [R/G/B] from the data selector 16 are supplied to a 
clipping circuit 31. The clipping circuit 31 processes 
the dot -sequential data D [R/G/B] by dot -sequential 
subtraction of the mean values of the respective frames 
of the imaging devices 1R, 1G and IB and clipping to the 
lower n bits. The clipped dot -sequential data D [R/G/B] 
are supplied to a down- sampling circuit 3 2 which 
processes the clipped dot -sequential data D [R/G/B] by 
limiting the bandwidth of the dot -sequential data 
D [R/G/B] indicating the dark current characteristics of 
the imaging devices 1R, 1G and IB to one sixteenth by 
using, for example, a digital filter having a transfer 
function H(z) given by: 

H(z)= 1 Z- 4 + 1 Z° + 1 Z\ 

4 2 4 
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The dot-sequential data D [R/G/B], thus down-sampled 
by the down- sampling circuit 32, are supplied to an 
accumulator or register 33. The accumulator 33 processes 
the dot -sequential data D [R/G/B] by concurrently adding 
and integrating the level data indicating the imaging 
output levels of the pixels at the same horizontal 
positions P hl to P^, using the working memory 18, as shown 
in Fig. 2, thereby producing black dark current 
correction data ^ {3^/3^/3^ h and white dark current 
correction data Dl^^/YI^/Vt^] K dot -sequentially as dark 
current correction data consistent with the horizontal 
component for each of the imaging devices 1R, 1G and IB. 
The accumulator 33 also processes the dot -sequential data 
D [R/G/B] by integrating the level data indicating the 
imaging output levels of the pixels at the same 
horizontal positions P vl to P^, using the working memory 
18 , thereby producing black correction data 
D [Brsh/Bgsh/BbshJ v and white dark current correction data 
D [Wrsh/Wgsh/VJbshI v dot-sequentially as dark current 
correction data consistent with the vertical shading 
component for each of the imaging devices 1R, 1G and IB. 
It will be noted that the black dark current correction 
data D [Brsh/Bgsh/Bbsh] h and the white dark current data 
D CWhsh/Wgsk/Wbsh] H in the horizontal direction are formed by 
concurrent addition in the accumulator 33 , while the. 
black dark current correction data D [3^/3^/3^] v and the 
white dark current correction data D [W^/W^/W^] v in the 
vertical direction are formed by concurrent addition in 
memory, using the working memory 18. 
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In this manner, the black dark current correction 
data D [B RSH /B GS „/B gsH ] H and the white dark current correction 
data D [W WH /W GSH /W BSH ] H in the horizontal direction, as well 
as the black dark current correction data D [Br^/Bosh/Bb^] v 
and the white dark current correction data D [W^/W^/Wasa] v 
in the vertical direction, for the imaging devices 1R, ig 
and IB, formed from the dot -sequential data D [R/G/B] , are 
written and stored dot -sequentially in the working memory 
18, 

The black dark current correction data 
D [Brsh/Bgsh/Bssh] h and the white dark current correction data 
D CWrsh/Wqsh/Wbsh] h in the horizontal direction, as well as 
the black dark current correction data D [Brsh/Bgsh/Bbsj,] v 
and the white dark current correction data D [W^/W<^/W BSH ] v 
in the vertical direction, thus stored in the working 
memory 18, are read out dot -sequentially from the working 
memory 18 and supplied via a buffer 34 to a 
horizontal/vertical (H/V) data separator 35 when 
performing dark current correction of the imaging output 
signals of the R, G and B channels. 

The data separator 35 separates the black dark 
current correction data D [Brsh/Bgsh/BbshI h and the white 
correction data D [W WH /W GSH /w BSH ] H for the horizontal 
direction and the black dark current data D (Brsh/Bqsh/Bbsh] v 
and the white dark current correction data D [^^/W^/Vt^] v 
for the vertical direction, and transmits the black dark 
current correction data ^[B^/B^/B^n and the white dark 
current correction data D [Vf^/Vt^/Vt^] H f or the horizontal 
direction to an interpolation circuit 36, while 
transmitting the black current correction data 
D [Brsh/Bgsh/Bbsh] v and the white dark current correction data 
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D [Wrsh/^gsh/Wbsh] v to adders 37 and 38, respectively . 

The interpolation circuit 36 processes the black 
dark current correction data D [B RSH /B GSH /B BSH ] H and the white 
dark current correction data D [W WH /W GSH /W BSH ] H , supplied 
thereto from the data separator 35 dot-sequentially at a 
data rate equal to one eighth of the clock frequency, by 
mean value interpolation, while separating the black dark 
current correction data D LB^/B^/Bbs^) h and the white 
shading correction data D [W^k/W^sh/w^] H from each other 
and outputting these separated data at a data rate of 
1/4 . 

The horizontal black dark current correction data 
D [Brsh/Bcsh/Bbsh] h , obtained at the data rate of 1/4 from the 
interpolation circuit 35, are supplied' to the adder 37. 
The adder 3 7 adds the horizontal black dark current 
correction data D [Brsh/Bgsh/BbshJ h to the vertical dark 
current correction data D [B^/B^/Bbsr] v to form horizontal 
and vertical black dark current correction data 
B [Brsk/Bgsh/Bbsh] which are then outputted by means of a 
clipping circuit 39. 

The horizontal white dark current correction data 
D CWasH/Wcsa/WssH] K , outputted at the data rate of 1/4 by the 
interpolating circuit 36, are supplied to the adder 38. 
The adder 3 8 adds the horizontal white dark current * 
correction data D I^ksh/^gsh/^bshI h and the vertical white 
shading correction data D [W^/W^k/W^,,] v to each other to 
produce horizontal and vertical white dark current 
correction data D [W^/W^h/Wbsh] , which are then outputted 
by means of the clipping circuit 39. 

Referring back to Fig. 1, the data selector 20, 
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supplied with the black dark current correction data 
D [B RSH /B GSH /B asH ] dot -sequentially outputted from the data 
processing circuit 17, is operative to distribute the 
black dark current correction data D [B^/Bgsh/Bbsh] to the 
D/A converters 23R, 23G and 23B of the R, G and B 
channels, and is constituted by, for example, a latch 
circuit. The black dark current data DCBrshI/ D[B GSH ] and 
D[B GSH 3 supplied from the selector 20 are converted into 
analog signals by the D/A converters 23R, 23G and 23B, 
respectively. 

The output signal from the D/A converter 23R for 
converting the black dark current correction data D[B RSH ] 
into an analog signal are supplied via the low-pass 
filter 25R to the R-channel subtractor 8R of the 
correction circuit 3 as the black dark current correction 
signal Bw The output signal from the D/A converter 23G 
for converting the black dark current correction data 
D[B GS h3 into an analog signal are supplied via the low- 
pass filter 25G to the G-channel subtractor 8G of the 
correction circuit 3 as the black dark current correction 
signal B CSH . Similarly, the output signal from the D/A 
converter 23B for converting the black dark current 
correction data D(8 BSH ] into an analog signal are supplied 
via the low-pass filter 26B to the B-channel subtractor 
8B of the correction circuit 3 as the black shading 
correction signal B BSH . 

The data selector 21, supplied with the white dark 
current correction data DCW^ Wc^/W^m] dot -sequentially 
outputted from the data processing circuit 17, is 
operative to distribute the white dark current correction 
data D [W^h/Wqsk/Wbsh] to the D/A converters 24R, 24G and 24B 
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supplied with the black dark current correction data 
D [B RSH /B GSH /B BSH ] dot-sequentially outputted from the data 
processing circuit 17, is operative to distribute the 
black dark current correction data D [Brsh/Egsh/Bssh] to the 
D/A converters 23R, 23G and 23B of the R, G and B 
channels, and is constituted by, for example, a latch 
circuit. The black dark current data D [B R5K ] , D [B MH ] and 
DtBcsj,] supplied from the selector 20 are converted into 
analog signals by the D/A converters 23R, 23G and 23B, 
respectively. 

The output signal from the D/A converter 23R for 
converting the black dark current correction data D [B^] 
into an analog signal are supplied via the low-pass 
filter 25R to the R-channel subtractor 8R of the 
correction circuit 3 as the black dark current correction 
signal Brsh- The output signal from the D/A converter 23G 
for converting the black dark current correction data 
D CB GS „] into an analog signal are supplied via the low- 
pass filter 25G to the G-channel subtractor 8G of the 
correction circuit 3 as the black dark current correction 
signal B GSH . Similarly, the output signal from the D/A 
converter 23B for converting the black dark current 
correction data D [B BSH ] into an analog signal are supplied 
via the low-pass filter 26B to the B -channel subtractor 
8B of the correction circuit 3 as the black shading 
correction signal B^. 

The data selector 21, supplied with the white dark 
current correction data D L^K/Vi^/VI^] dot -sequentially 
outputted from the data processing circuit 17, is 
operative to distribute the white dark current correction 
data D [Wrsk/Wgsh/Wbsh] to the D/A converters 24R, 24G and 24B 
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of the R, G and B channels, and is constituted by, for 
example, a latch circuit. The D/A converters 24R, 24G 
and 24B are operative to convert the white dark current 
correction data D[B RSH ], D [B GS „J and D [B BStl ] from the data 
selector 21 into analog signals. 

The output signal of the D/A converter 24R for 
converting the white dark current correction data DCW,^] 
into an analog signal are supplied via the low-pass 
filter 26R to the R-channel divider 8R of the correction 
circuit 3 as the white dark current correction signal 
Wrsh. The output signal of the D/A converter 24G for 
converting the white dark current correction data [W^] 
into an analog signal are supplied via the low-pass 
filter 2 6G to the G-channel divider 8G of the correction 
circuit 3 as the white dark current correction signal 
W GSH . Similarly, the output signal of the D/A converter 
24B for converting the white dark current correction data 
D(W BSH ] into an analog signal are supplied via the low- 
pass filter 26B to the B-channel divider 8B of the 
correction circuit 3 as the white dark current correction 
signal W^. 

The dark current correction apparatus of the present 
embodiment is controlled by the system controller 2 7 in a 
manner which will now be described with reference to a 
flow chart shown in Fig. 5. 

Thus, when a dark current detection mode is entered, 
the operation of detecting the black dark current 
characteristics is initiated. At a first step S x , the 
iris unit 6 is closed and the imaging devices 1R, 1G and 
IB thus perform an imaging operation without any light 
falling on their imaging surfaces. 
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At the next (second) step S 2 , the black dark current 
correction data D [B^n/B^/B^] in the working memory 18 
are all set to 0, while the white dark current correction 
data D [Wrsh/Wgsh/Wqsh] are all set to l. 

At the next (third) step S 3 , the data processing 
circuit 17 processes the imaging output signals E R , Eq and 
E e , produced by the imaging devices 1R, 1G and IB without 
any light incident on their imaging surfaces, for forming 
black dark current correction data D [B rsh /B G5K /Bbsh] on the 
basis of the dot-sequential data D [R/G/B] and dot- 
sequentially storing the data in the working memory 18 • 

At the next (fourth) step S 4 , the data processing 
circuit 17 reads out the black dark current correction 
data D [Brsh/Bgsh/Bbsh] and the white dark current correction 
data D [Wrsh/Wqsh/Wbsh] dot -sequentially from the working 
memory 18 and processes the imaging output signals E R , E c 
and E B from the imaging devices 1R, 1G and. IB by effecting 
dark current correction processing by means of the 
correction circuit 3 . The data processing circuit 17 
then detects black shading correction errors of the dark 
current corrected imaging output signals E R , E G and E B by, 
for example, a least squares method. 

At the next (fifth) step S 5# it is determined whether 
the black dark current correction errors of the dark 
current corrected imaging output signals E R , E G and E 8 
detected at the fourth step S 4 are not larger than a 
predetermined value (threshold) . If the result of the 
decision made at the fifth step S s is NO, that is if the 
dark current correction errors are larger than the 
predetermined value, the system controller 27 proceeds to 
a step S 6 to control the gains of the variable gain 
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amplifiers 9R, 9G and 9B of the correction circuit 3 in a 
direction to reduce the dark current correction errors. 
The system controller then reverts to the step S a to 
repeat the operations from the step S 2 to the step S 6 . If 
the result of the decision made at the fifth step S s is 
YES, that is if the dark current correction errors are 
not larger than the predetermined value, the operation of 
detecting the black dark current characteristics is 
terminated when the dark current corrected imaging output 
signals E R , E G and E B fall to below the predetermined 
value. The system controller 27 then proceeds to a 
seventh step S 7 . 

At the seventh step S ? , the system controller 27 
decides whether detection of the white dark current 
characteristics is to be performed. If the result of the 
decision is NO, that is if detection of the white dark 
current characteristics is not to be performed, the 
control operation of the detection mode of detecting the 
white dark current characteristics is terminated. If the 
result of the decision at the seventh step S 7 is YES, that 
is if detection of the white dark current characteristics 
is to be performed, the system controller 27 proceeds to 
the next (eighth) step S 8 . 

At the eighth step S e , the iris unit 6 is opened and 
the imaging devices 1R, 1G and IB perform an imaging 
operation with light of uniform light intensity 
corresponding to 100 percent brightness falling on the 
whole of the imaging surfaces with the use of a white 
color pattern, such as a Porta pattern. 

At the next (ninth) step S 9 , the data processing 
circuit 17 processes the imaging output signals E R , E G and 



26 



CA 02324242 2000-11-17 



E B produced by the imaging devices 1R, 1G and IB with 
light of uniform light intensity corresponding to 100 
percent brightness falling on the whole of the imaging 
surfaces, for forming white dark current correction data 
D [ w rsh/ w gsh/ w bsh] on the basis of the dot-sequential data 
D [R/G/B] and dot-sequentially storing the data in the 
working memory 18 . - — 

At the next (tenth) step S 10 , the data processing 
circuit 17 reads out the black dark current correction 
data D [Brsh/Bgsh/Bbsr] and the white dark current correction 
data D [Wj^h/Wcsh/W^h] from the. working memory 18 dot- 
sequentially and processes the imaging output signals E R , 
E G and E B from the imaging devices 1R, 1G and IB by dark 
current correction processing effected by the correction 
circuit 3, while detecting white dark current errors of 
the shading corrected imaging output signals E R/ E 0 and E B 
by, for example, a least squares method. 

At the next step S xli it is determined whether the 
white dark current correction errors of the dark current 
corrected imaging output signals E R/ and E B detected at 
the tenth step S 10 are not larger than a predetermined 
value (threshold) . If the result of the decision made at 
the S 1X is NO that is if the white dark current correction 
errors are larger than the predetermined value, the 
system controller proceeds to a step S 12 to control the 
gains of the variable gain amplifiers 9R, 9G and 9B of 
the correction circuit 3 in a direction to decrease the 
white dark current correction errors. Then at the next 
step S 13 , the system controller 27 sets all the white 
shading correction data D [V1 KSH /VI QSB /\ ! I 3SR} in the working 
memory 18 to 1, after which the system controller reverts 
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to the step to repeat the operations from the step S 9 
to the step S 13 . If the result of the decision made at 
the S u is YES, that is if the white dark current 
correction* errors of the shading corrected imaging output 
signals E R , E G and E B are not larger than the 
predetermined value, the operation of detecting the white 
dark current characteristics is terminated. The system 
controller 27 proceeds to a step S 14 to perform white 
balance adjustment to terminate the control operation of 
the detection mode for detecting the dark current 
characteristics - 

At the step S 14 , with the imaging output signals E R , 
E G and E B of the R, G and B channels, produced by the 
imaging devices 1R, 1G and IB and white dark current 
corrected on the basis of the black shading correction 
data D [B RS „/B GSH /B BSH ] and the white dark current correction 
data D [Wj^/Wcsh/Wbsr] fetched dot-sequentially into the 
working memory 13, as described previously, the system 
controller 27 sets the gains of the variable gain 
amplifiers 9R, 9G and 9B of the correction circuit 3 so 
that the imaging output concurrent data D R , D G and D a of 
the respective channels will exhibit an equal signal 
level, thereby performing white balance adjustment. 

The operation of detecting the dark current 
characteristics without any light being incident on the 
imaging surfaces of the imaging devices 1R, 1G and IB, 
that is the black dark current characteristics , may be 
performed at any desired occasion of closing the iris 
unit 5. However, the operation of detecting the white 
dark current characteristics cannot be performed so 
frequently, because the imaging operation has to be 
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performed with light of uniform light intensity with loo 
percent brightness falling on the imaging surfaces of the 
imaging devices 1R, ig and IB with the use of a white 
color pattern, such as a Porta pattern. Therefore, the 
latest white dark current correction data as found by the 
detecting operation of the white dark current 
characteristics are preferably stored in the backup 
memory ( EE PROM) 19. 

In general, the dark current characteristics of an 
imaging device are subject to larger changes in the 
marginal (peripheral) region of the imaging surface than 
at the middle of the imaging surface. For this reason, 
data may be eliminated periodically, so that the data 
volume is lesser at the middle of the imaging surface, 
for conserving the storage capacity of the backup memory 
19. For example, the horizontal white dark current 
correction data D l^/W^/^} H may be subjected to down- 
sampling in such a manner that the number of data is 
reduced by factors 1/8 and 1/128 at the margin and at the 
middle of the imaging surface, respectively, while the 
vertical white dark current correction data D [W^/n^/VJ^ 
may be subjected to down- sampling in such a manner that 
the number of data is reduced by factors of 1/4 and 1/32 
at the margin and at the middle of the imaging surface, 
respectively. 

In the present embodiment, the data processing 
circuit 17 is provided with a processing circuit 40 (Fig. 
4) whereby the latest white dark current correction data 
D [Wrsh/Wcsh/WbshJ as found by the above -described detection 
operation for detecting the white dark current 
characteristics are read out from the working memory 18 
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and subjected to down-sampling to reduce the number of 
data stored in the backup memory 19 in that the white 
dark current correction data with the lesser data volume 
read out from the buffer memory 19 are interpolated and 
written in the working memory 18 via a buffer circuit 41 
as the white dark current correction data. 

The data reduction and interpolation effected in the 
processing circuit 40 may be implemented by a digital 
filter having a transfer function H{z) given by: 

H(z) = L Z 4 +2- Z° + Z 4 
4 2 4 

for sequentially providing the data rates through the 
filter equal to 1/2 or 2 times. 

It should be noted that, in the above -de scribed dark 
current correction signal former 13, optimum correction 
occasionally cannot be achieved by the black dark current 
correction signals B^, B CStt and B B$H of the R, G and B 
channels, supplied from the D/A converters 23R, 23G and 
23B to the correction circuit 3 by way of the low-pass 
filters 25R, 25G and 25B, or by the white dark current 
correction signals W^, W^,, and W BSH supplied from the D/A 
converters 24R, 24G and 24B to the correction circuit 3 
by way of the low-pass filters 26R, 26G and 26B, because 
the rising and falling edges thereof tend to become dull 
or rounded (that is, to lose their sharpness or 
abruptness) due to the filter characteristics of the low- 
pass filters 25R, 25G, 25B, 26R, 26G and 26B, as shown by 
broken lines at (A) in Fig. 6. For this reason, with the 
dark current correction signal former 14 of the present 
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embodiment, when reading out the above-mentioned 
horizontal black dark current correction data 
D [Brsh/Bcsh/BbsJ h and white dark current correction data 
D [Wrsh/Wqsh/WbsJ h from the working memory 18, the reading 
start time of the leading data in each line is advanced 
repeatedly into each successive blanking interval T BLJC by 
a predetermined time interval or period T as shown at (B) 
in Fig, 6, so that the leading data in each line is read 
out from the working memory 18 repeatedly during the 
intervals or periods T, in order to ensure optimum 
correction by preventing the occurrence of a situation in 
which the adverse waveform distortion effects caused by 
the filter characteristics of the low-pass filters 25R, 
25G, 25B, 26R, 26G and 26B are displayed during the 
regular correction time interval T 0 . 

Instead of controlling the reading out of data from 
the working memory 18 as described above, it is possible 
to prevent waveform distortion due to the filter 
characteristics of the low-pass filters 25R, 25G, 25B, 
26R, 2 6G and 26B by controlling the writing of data to 
the working memory 18. 

A way in which such control of writing to the 
working memory 18 may be achieved will now be described 
with reference to Fig. 6. 

When detecting the white dark current 
characteristics, data having the same level as levels 
just behind (after) the blanking intervals of the 

output signals from the A/D converters 12R, 12G and 12B 
are written into the working memory 18 during the periods 
T. White dark current correction data are thus stored in 
(written into) the working memory 18 during the periods 
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To- 

When imaging, that is when picking up an image, data 
read out from an address or addresses of the working 
memory 18 corresponding to the periods T and the white 
dark current correction data as read out from an address 
or addresses of the working memory 18 corresponding to 
the periods T 0 are supplied to the low-pass filters 26R, 
26G and 26B via the D/A converters 24R, 24G and 24B, In 
this way, it is possible to prevent waveform distortion 
caused by the filter characteristics of the low-pass 
filters 26R, 26G and 26B. 

The control of writing data to and reading data from 
the working memory 18 is performed by the system 
controller 27. 

Black dark current correction may be carried out in 
the above case in the same way as that in which white 
dark current correction is effected . 

With the above -described shading correction 
apparatus of the present embodiment, dark current 
correction data for each of the imaging devices 1R, 1G 
and IB are formed from the imaging output data D R , D c and 
D B , digitized by the A/D converters 12R, 12G and 12B of 
the R, G and B channels from the imaging output signals 
E R/ E G and E 8 from the first, second and third imaging 
devices 1R, 1G and IB as light exposure controlled by the 
iris unit 5, and the so-formed dark current correction 
data are stored in the working memory 18 constituted by a 
RAM . Then, during actual imaging, that is when dark 
current correction signals for each of the imaging 
devices 1R, 1G and IB are formed on the basis of the dark 
current correction data read out from the working memory 



CA 02324242 2000-11-17 



18 so that the imaging output signals E R , E 0 and E B from 
the imaging devices 1R, ig and IB may be automatically 
subjected to dark current correction processing. 

In addition, with the above -described dark current 
5 correction apparatus, the state of light exposure of the 

first, second and third imaging devices 1R, 1G and IB is 
controlled, on the one hand, by the iris unit 5 so that 
no light will be incident on the imaging surfaces of the 
first, second and third imaging devices 1R, 1G and IB 

10 and, under the thus-controlled light exposure, the black 

dark current correction data DIB^ , D [B^] and D [B BSH 3 for 
each of the imaging devices 1R, 1G and IB are formed from 
the imaging output data D R , D G and D B digitized from the 
imaging output signals E R , E G and E B of the imaging 

15 devices 1R, IG and IB by the A/D converters 12R, 12G and 

12B of the R, G and B channels. On the other hand, the 
state of light exposure of the first , second and third 
imaging devices 1R, 1G and IB is controlled by the iris 
unit 5 so that light of uniform light intensity will be 

20 incident on the whole of the imaging surfaces of the 

first, second and third imaging devices 1R, IG and IB 
and, under the thus -controlled state of light exposure, 
the white dark current correction data D [W^] , D [W^] and 
D [WbshJ for each of the imaging device 1R, IG and IB are 

25 formed from the imaging output data D R , D 0 and D B of the 

R, G and B channels digitized from the imaging output 
signals E R , E Q and E B of the imaging devices 1R, IG and 
IB. These black; dark current correction data D [B^] , 
D[Bc^] and D [B BSH ] , as well as the white dark current 

30 correction data D [W RSH ] , DCw^] and D [W^] , are stored in 

the working memory 18. 



33 



CA 02324242 2000-11-17 



Then, during actual imaging, the black dark current 
correction signals B WH , B GSH and B BSH , as well as the white 
dark current correction signals W^, W GSH and W SSH , are 
formed on the basis of the black current correction data 
D [Brsh] , D[B GSH ] and D [B GSH ] as well as the white current 
correction data D D [W^] and D [W 8SH ] read out from 

the working memory 18, so that the imaging output signals 
E R , E G and E B of the imaging devices 1R, 1G and IB may be 
quickly and reliably subjected to black current 
correction processing and white current correction 
processing. 

Also, with the above -described current correction 
apparatus, the imaging output data digitized from the 
imaging output signals E R , Eq and E B of the first, second 
and third imaging devices 1R, 1G and IB with no light 
falling on the respective imaging surfaces are processed 
into dot -sequential black current correction data DlB^ 
/Bcsk /BbshI with the data volume reduced to one eighth of 
the original data volume. On the other hand, the imaging 
output data D R/ D G and D„ digitized from the imaging 
output signals E R , £<> and E B with light of uniform 
intensity falling on the full imaging surfaces of the 
imaging devices are processed into the white current 
correction data D [W^/Wcs^ W^] with the data volume 
reduced to one eighth of the original data volume. This 
results in a reduced current correction data volume. In 
addition, since these dot -sequential black current 
correction data D [B^/B^/B^] and white current 
correction data DCW^ /W^ /W BSH ] are stored collectively 
in the working memory 18, the various current correction 
data necessary for shading correction of the imaging 
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devices may be stored in a single memory without the 
necessity of providing plural memory means for storing 
black and white shading correction data for the imaging 
devices . 

Further, with the current correction apparatus of 
the present embodiment, since the level data of the 
imaging output signals E R , E c and E B of the pixels of the 
imaging devices 1R, ig and IB, digitised more for each of 
the imaging devices 1R, 1G and IB from the imaging output 
data D R/ D G and D B as digitized by the A/D converters 12R, 
12G and 12B of the R, G and B channels, are integrated in 
the horizontal and vertical directions for forming the 
black current correction data D [Bj LSH /B GSH /B BSH ] h and the 
white current correction data D [W RffH /WGSH/W BSH J K consistent 
with the horizontal current component as well as the 
black current correction data D [B^/B^/B^] v and the 
white dark current correction data D [W^/ V( <ssk /V! BSH '} v 
consistent with the vertical dark current, as the dark 
current correction data, the data volume of the shading 
correction data used for shading correction may be 
reduced to enable the dark current correction data to be 
stored in a working memory 18 of reduced storage 
capacity. 

In addition, with the above -described dark current 
correction apparatus, by providing the working memory 18 
constituted by a RAM and the backup memory 19 constituted 
by an EEPROM, as the storage means for storing the dark 
current correction data, it becomes possible to perform 
the operation of dark current correction data generation 
or shading correction on the basis of the dark current 
correction data with the aid of the working memory 18, 
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while it becomes possible to store the dark current 
correction data for a prolonged time using the backup 
memory 19. Also, since the dark current correction data 
stored in the backup memory 19 are previously reduced in 
data volume so that the number of output data is lesser 
at the middle than at the margin of the imaging surfaces 
of the imaging devices, an EE PROM which has a lesser 
storage capacity, and thus is less expensive, may be 
employed . 

The invention is not limited to the above-described 
embodiment. For example, instead of processing the 
imaging output signals E R , E G and E B of the first, second 
and third, imaging devices 1R, 1G and IB by analog dark 
current correction processing by means of the correction 
circuit 3, as in the above -described embodiment , it is 
possible to provide a digital dark current correction 
circuit downstream of the A/D converters 12R, 12G and 12B 
of the R, G and B channels and to supply the black dark 
current correction data D [B asa ] , D [B^] and D tB BSK ] as well 
as the white dark current correction data D [W^] , D [W^] 
and DCWbot] to the digital correction circuit by means of 
the data selectors 20 and 21. 

With the above-described dark current correction 
apparatus embodying the invention, the level data of 
imaging output signals of a predetermined number of 
pixels, digitized by analog/digital converting means from 
the imaging output signals of the imaging devices 
controlled as regards light exposure by light exposure 
control means, are stored as dark current correction data 
in memory means, and shading correction signals are 
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formed on the basis of the dark current correction data 
read out from the storage means, during actual imaging, 
thereby enabling the imaging output signals of the 
imaging devices automatically to be subjected to dark 
current correction processing. 

In addition, with the above -described dark current 
correction apparatus embodying the invention, the state 
of light exposure is controlled by the light exposure 
control means such that no light will be incident on the 
imaging surfaces of the imaging devices, and black dark 
current correction data are produced from the imaging 
output data digitized from the imaging output signals of 
the imaging devices in the thus -controlled state of light 
exposure, thereby enabling the imaging output signals of 
the imaging devices to be subject to black dark current 
correction processing quickly and reliably during actual 
imaging 

Further, with the dark current correction apparatus 
according to the above embodiment, the state of light 
exposure is controlled by the light exposure control 
means so that light of uniform light intensity will be 
incident on the entirety of the imaging surfaces of the 
imaging devices, and white dark current correction data 
are produced from imaging output data digitized from 
imaging output signals of the imaging devices in the 
thus -control led state of light exposure, thereby enabling 
the imaging output signals of the imaging devices to be 
subjected to white dark current correction quickly and 
reliably during actual imaging. 

Also, with the dark current correction apparatus 
according to the above embodiment of the invention, by 
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providing the random access memory (RAM) and the 
electrically erasable programmable read only memory 
(EEPROM) as storage means, the operation of forming the 
dark current correction data or correcting the dark 
current by means of the dark current correction data may 
be performed using the RAM as a working memory, while the 
dark current correction data may be stored for a 
prolonged time using the EEPROM as a backup memory. 
Further, the dark current correction data stored in the 
programmable read-only memory have been reduced in data 
volume so that the number of output data is lesser at the 
middle than at the margin of the imaging surface of each 
imaging device, so that it becomes possible to use memory 
of a smaller storage capacity. 

A shading correction apparatus according to a second 
embodiment of the invention will now be described in 
detail with reference to Figs. 7 to 12 of the drawings. 
The apparatus of Figs. 7 to 12 is similar in many 
respects to that of Figs. 1 to 6 . 

The dark current correction circuit according to the 
present embodiment is operative to eliminate a shading 
component in an imaging output signal of an imaging 
device 101 having an array of a large number of pixels 
arranged in a matrix configuration and, as shown in Fig. 
7, the apparatus comprises a correction circuit 103 for 
processing the imaging output signal from the imaging 
device 101 by dark current correction processing, an 
analog to digital (A/D) converter 10S for converting the 
output signal of the correction circuit 103 into a 
digital signal, and a dark current correction signal 
forming section 110 for forming a dark current correction 
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signal (or signals) on the basis of output data from the 
A/D converter 105. 

The imaging device 101 used with the present 
embodiment is a CCD image sensor in which a number (M x 
N) of pixels S xl to S w are arrayed in a matrix 
configuration comprising a number M of horizontal rows of 
pixels and a number N of vertical columns of pixels. The 
imaging device 110 is driven by a CCD driving unit {not 
shown) so that signal charges for the totality of the 
pixels S X1 to S w constituting a field or frame is read out 
during one vertical scanning period. The sequential 
signal charges read out from the imaging device 101 are 
supplied as an imaging output signal via a preamplifier 
102 to the correction circuit 103 . 

An iris unit 109 controlled by an iris control 
circuit or driver 108, which is in turn controlled by a 
system controller 107, is provided ahead of an imaging 
surface of the imaging device 101. 

The correction circuit 103 subjects the imaging 
output signal from the imaging device 101 to dark current 
correction processing by using the dark current 
correction signal supplied by the dark current correction 
signal forming section 110, and is constituted by, for 
example, a subtractor (not shown) for subtracting the 
dark current correction signal from the imaging output 
signal and a divider (not shown) for dividing the imaging 
output signal by the dark current signal. 

The output signal from the correction circuit 103 is 
supplied via a preknee circuit 104 to the A/D converter 
105. The preknee circuit 104 effects non-linear 
processing of the output signal from the correction 
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circuit 103 to prevent the input signal level to the A/D 
converter 105 exceeding the dynamic range thereof. 

The A/D converter 105 processes the output signal of 
the correction circuit 103, as supplied via the preknee 
circuit 104, to form level data indicating the signal 
level of the output signal. The level data produced by 
the A/D converter 105 are suppled as dark current 
corrected imaging output data to the dark current 
correction signal forming section 110, and to downstream 
signal processing circuits (not shown) , via a defect 
correction circuit 106. 

The defect correction circuit 106 processes signal 
charges, that is parts of the imaging output signal, from 
defective pixels of the imaging device 101, by defect 
correction processing that corrects the signal level of 
the imaging output signal. The circuit 106 performs the 
defect correction processing on the basis of previously 
detected defective pixel data of the imaging device 101. 

The dark current correction signal forming circuit 
110 of the present embodiment is constituted by : a 
sampling circuit 111 for sampling level data supplied 
from the A/D converter 105 via the defect correction 
circuit 106 at a predetermined sampling interval; an 
arithmetic unit or device or central processor unit (CPU) 
112 supplied with sampled data from the sampling circuit 
111; a memory 113 connected to the arithmetic device 112; 
sawtooth (serrated) signal generators 114H, 114V for 
generating sawtooth signals at the horizontal scanning 
period and the vertical scanning period, respectively; 
parabolic signal generators 115H, 115V for generating 
parabolic signals at the horizontal scanning period and 
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the vertical scanning period, respectively; level 
controllers (level control circuits) H6H, 116V for 
controlling the signal levels of the sawtooth signals 
from the sawtooth signal generators 114H, 114V; level 
controllers (level control circuits) 117H, 117V for 
controlling the signal levels of the parabolic signals 
from the parabolic signal generators 115H, 115V; and 
adders 118H, 118V and 118 for summing together the 
sawtooth signals and the parabolic signals. 

The dark current correction signal forming section 
110 is controlled by the system controller 107 to be 
switched between a dark current detection mode of 
operation and a dark current correcting mode of 
operation. 

For black dark current detection during the shading 
detecting mode of operation, the iris unit 109 provided 
ahead of the imaging surface of the imaging device 101 is 
closed by the iris control circuit 10 8 {in turn 
controlled by the system controller 107) so that an 
imaging operation is performed without any light falling 
on the imaging surface. For white dark current 
detection, the iris unit 109 is opened by the iris 
control circuit 108 (in turn controlled by the system 
controller 107) and an imaging operation is performed 
under a condition such that, with the use of a white 
pattern, such as a Porta pattern, light of uniform light 
intensity will be incident on all of the imaging surface. 
The imaging output signal obtained from the imaging 
device 101 during the dark current detecting mode is 
supplied via the preknee circuit 104 to the A/D converter 
105 in an uncorrected processing by the correction 
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circuit 103. 

The sampling circuit 111 processes the level data 
supplied from the A/D converter 105 via the defect 
correction circuit 106 by sampling, from the imaging 
output signal constituted by the signal charges of the 
pixels S ai to S w of the imaging device 101, level data of 
the imaging output signal from the signal charges of a 
number (m x n) of pixels composed of a number m of 
horizontal rows of pixels and a number n of vertical 
columns of pixels, as shown by hatching in Fig. 8, and 
cumulatively adding the level data of the imaging output 
signal for pixels lying at the same positions P hI to P^ in 
the horizontal direction, thereby forming a first data 
string D[1 M to 1^,] indicative of dark current 
characteristics in the horizontal direction, and also 
cumulatively adding the level data of the imaging output 
signal for pixels lying at the same positions P vl to P,™ in 
the vertical direction, thereby forming a second data 
string D[l vl to lj indicative of dark current 
characteristics in the vertical direction. 

The signal to noise <S/N) ratio of the level data 
may be improved by using a cumulative sum of level data 
of the imaging output signal corresponding to the pixels 
lying at the same positions in the horizontal or vertical 
direction. The S/N ratio of the level data may be 
further improved by synchronized addition on a frame-by- 
frame basis. 

It is noted that, in the present embodiment, the 
sampling circuit 111 forms first and second data strings 
D[l ha to I^Jb and D[l vl to IvJa. indicative of black dark 
current characteristics detected from the imaging output 
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signal obtained from the imaging device 101 by carrying 
out imaging without any light falling on the imaging 
surface, and forms first and second data strings D[l hl to 
IhiJ* and D[l vx to l*,]*, indicative of white dark current 
characteristics detected from the imaging output signal 
obtained by carrying out the imaging operation with light 
of uniform light intensity incident on all of the imaging 
surface, and transmits these data strings to the 
arithmetic device 112 for storage in the memory 113. 

The arithmetic device 112 calculates, from the black 
dark current characteristics indicated by the first and 
second data strings D [l hl to l to ] 8 and D[l vl to 1J B stored 
in the memory 113, a quadratic curve indicating a dark 
current waveform in the horizontal direction and another 
quadratic curve indicating a dark current waveform in the 
vertical direction. The arithmetic device 112 also 
calculates, from the white dark current characteristics 
indicated by the first and second data strings D to 
IhJw and D[l vl to lvJ« stored in the memory 113, a 
quadratic curve indicating a dark current waveform in the 
horizontal direction and another quadratic curve 
indicating a dark current waveform in the vertical 
direction. 

The arithmetic operation performed by the arithmetic 
device 112 to find the quadratic curves may comprise 
fitting a quadratic curve (y=ax 2 +bx+c) to the data strings 
obtained in the above -described manner by the sampling 
circuit 111 by a least squares method - 

Thus, the sum of the squares of the deviations or 
errors E when the curve y=ax 2 +bx+c is fitted to a number r 
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of the waveform sampling data (x 1# yj , (x 2 , y,) , (* r , 
y r ) is given by 



E-£{y,-(ax» 2 + bx, + c)} 1 , 



i-i 



( l ) 



For minimizing the sum of the squares of the errors 
E, it suffices if 



dE 
da 
dE 
db 

dE 
dc' 



= 0, 



( 2 ) 



that is if the results of partial differentiation of E 
with respect to coefficients a, b and c are equal to 
zero. 

The coefficients a and b may be represented by the 
equations 



C,£yi + C 5 £x, yi + C 3 £x i I y i 



r-1 i-l i-l 

: ,and (3) 



C4£y i + C J £x i y i + C 4 £x ) y j 



h= (4) 
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15 



20 



25 



30 



35 



40 



45 



SO 



55 



The coefficients C. to C s in Equations (3) and (4) 
are given by: 



Co - £ *« £ *? £ x, t i + 

i-1 i-l i-| j.| 

2 £ *t I ( £ x, y - 

£ x,M £ * y - ( £ x, 3 ? £ * £ i 

i-l i-l j-i j-, j_, 

£ V ( £ ) 3 £ x,, 

i-l i-l j-l 



c, - £ x, 3 ( £ x, ) 2 - ( £ x, 2 f £ Xi . 



- £ X;' ( £ „ J» - £ x, £ Xj £ lf 

i-l i-l i-l i-i j., 



c, - £ I x, £ i - ( £ x, y- 

i-l M i-l j-| 



(5) 



(6) 



(7) 



(8) 
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20 



25 



c< -£ £ Xi 2 £ Xi ■ £ v ( £ ) 2 , ( 9 ) 



i-i i-l i-l i-l i-l 



c, - £ * t 4 £ *, £ i - ( £ Xj * ) 2 £ Xj , do) 

15 i-l i-t i-l " i-l i-i 



c, - £ Xi 2 ( £ Xj y - £ Xi 3 £ x, £ i. (ii) 

i-l i-l r-l i-l i-l 



30 

If an equal sampling interval is used, and Xi is 
normalized, x 4 » i, so that the coefficients C„ to C 6 in 
Equations (3) and (4) become functions of n. With a 
sampling interval of s, the coefficients a and b may be 
35 expressed by the equations 



C, £ y t + C 2 tu + C, Zfa 

40 i-l r*l i-| 

a = , and (12) 

45 

c, £yi + c 6 £ jy ,+c 7 

i-l HI i-| 

b = . (13) 

50 cj 
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The coefficients C 0 to C 7 in Equations (12) and (13) 
above have been reduced and, for the members r of the 
sampling data, assume for example the values shown in the 
following table: 



Table 



number 
of 

data 




coefficients 


n 


Co 




c 3 


c 3 


c« 


c s 


c s 


# 


1 


0 


0 


0 


0 


0 


0 


0 


0 


2 


0 


6 


-9 


3 


0 


-18 


27 


-9 


3 


2 


10 


-12 


3 


2 


-42 


49 


-12 


4 


4 


5 


-5 


1 


20 


-135 


129 


-25 i 


5 


14 


7 


-6 


1 


70 


-231 


187 


-30 


6 


112 


28 


-21 


3 


560 


-1092 


767 


-105 


7 


84 


12 


-8 


1 


84 


-108 


67 


-8 


8 


168 


15 


-9 


1 


168 


-153 


85 


-9 


9 


924 


55 


-30 


3 


4620 


-3135 


1577 


-150 


10 


528 


22 


-11 


1 


2640 


-1386 


637 


-55 


11 


858 


26 


-12 


1 


1430 


-598 


253 


-20 


12 


4004 


91 


-39 


3 


4004 


-136S 


535 


-39 


13 


2002 


35 


-14 


1 


2002 


-567 


207 


-14 


14 


2912 


40 


-15 


1 


14560 


-3480 


1189 


-75 


15 


1237 

'6 


136 


-48 


3 


61880 


1254 8 


4061 


-240 



The arithmetic device 112 calculates coefficients a ra 
and of the quadratic curve fitted to the horizontal 
dark current waveform of the black dark current 



CA 02324242 2000-11-17 



characteristics, indicated by the first and second data 
strings D[l hl to 3 and D[l vl to 1^] 8 stored in the 
memory 113, and coefficients a^ and bvs of the quadratic 
curve fitted to the vertical dark current waveform of the 
black shading characteristics, and stores these 
coefficients a^, b^, a^ and bvB in the memory 113. Also, 
the arithmetic device 112 calculates coefficients a™ and 
b m of the quadratic curve fitted to the horizontal dark 
current waveform of the white dark current 
characteristics, indicated by the first and second data 
strings D[l hl to 1^] „ and D[l vl to IvJ,, stored in the 
memory 113, and coefficients a w and by* of the quadratic 
curve fitted to the vertical dark current waveform of the 
white shading characteristics^ and stores these 
coefficients a^, b^, a^ and bva in the memory 113. 

In this manner, during the dark current detecting 
mode of operation, that is the mode of detecting the dark 
current characteristics, the arithmetic device 112 
calculates the coefficients a^, b^,, a^ and of the 
quadratic curves fitted to the shading waveforms in the 
horizontal and vertical directions of the black dark 
current characteristics, and the coefficients a^, b^, a w 
and b w of the quadratic curves fitted to the dark current 
waveforms in the horizontal and vertical directions of 
the white dark current characteristics, and stores these 
coefficients in the memory 113. 

When the system controller then causes the dark 
current correcting mode of operation, that is the mode of 
correcting the dark current characteristics, to be 
entered, the arithmetic unit 112 reads out from the 
memory 113 the coefficients a h , b H/ a v and by stored in the 
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memory 113 during operation of the mode of detecting the 
dark current characteristics, and transmits these 
coefficients to the level controllers 116H, 117H, 116V 
and 117V. 

The level controller 116H processes the sawtooth 
signal for the horizontal scanning period, output ted by 
the sawtooth signal generator 114H, in accordance with a 
level control operation consistent with the coefficient b H 
of the first order term of the quadratic curve fitted to 
the dark current waveform in the horizontal direction of 
the dark current characteristics. 

The level controller 117H processes the parabolic 
signal of the horizontal scanning period, outputted by 
the parabolic signal generator 115H, in accordance with a 
level control operation consistent with the coefficient a H 
of the second order term of the quadratic curve fitted to 
the dark current waveform in the horizontal direction. 

The level controller 116V processes the sawtooth 
signal for the vertical scanning period, outputted from- 
the sawtooth signal for the vertical scanning period, 
outputted from the sawtooth signal generator 114V, in 
accordance with a level control operation consistent with 
the coefficient b v of the first order term of the 
quadratic curve fitted to the dark current waveform in 
the vertical direction of the dark current 
characteristics . 

The level controller 117V processes the parabolic, 
signal for the vertical scanning period, outputted by the 
parabolic signal generator 115V, in accordance with a 
level control operation consistent with the coefficient a v 
of the second order term of the quadratic curve fitted to 
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the dark current waveform in the vertical direction. 

The adder 118H sums together the sawtooth signal 
processed by the level control circuit 116H in accordance 
with the level control operation consistent with the 
coefficient b H , and the parabolic signal processed by the 
level control circuit 117H in accordance with the level 
control operation consistent with the coefficient a tt , to 
form a dark current correction signal for the horizontal 
direction. The adder 118V sums together the sawtooth 
signal processed by the level control circuit 116V in 
accordance with the level control operation consistent 
with the coefficient b v , and the parabolic signal 
processed by the level control circuit 117V in accordance 
with the level control operation consistent with the 
coefficient a v , to form a dark current correction signal 
for the vertical direction. The adder 118 sums the 
horizontal and vertical dark current correction signals, 
formed as described above by the adders 118H and 118V, 
respectively, to form a dark current correction signal 
for the entire frame. The dark current correction signal 
thereby formed by the adder 118 is supplied to the 
correction circuit 103. 

In the present embodiment, the dark Current 
correction signal forming section 110 includes a 
processing system for forming a black dark current 
correction signal on the basis of the coefficients a^g, 
b)g} t avB and bvB of the curves approximating to the black 
dark current waveform, and a processing system for 
forming a white dark current correction signal on the 
basis of the coefficients a^, b^, a™ and by* of the 
curves approximating to the white dark current waveform. 
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The black dark current correction signal and the white 
dark current correction signal are supplied to the 
correction circuit 103. 

The correction circuit 103 processes the imaging 
output signal supplied by the imaging device 101 via the 
preamplifier 102 by adding the above-mentioned black dark 
current correction signals thereto to perform black dark 
current correction. The circuit 103 also processes the 
imaging output signal supplied by the imaging device 101 
by multiplying it by the white dark current correction 
signal to perform white dark current correction. The 
imaging output signal thus subjected by the correction 
circuit 103 to black dark current correction processing 
and white dark current correction processing is digitized 
by the A/D converter 105 so as to be supplied as dark 
current corrected imaging output data to the downstream 
signal processing circuits (not shown) . 

It is to be noted that the circuit construction of 
the sawtooth signal generators 114H, 114V, as well as of 
the parabolic signal generators 115H, 115V, would be 
simpler if use were made of a digital design or a 
configuration other than of generators used in an analog 
design or a configuration using operational amplifiers or 
gain control amplifiers. 

A digital design of the sawtooth signal generators 
114H and 114V may be achieved by using counters. For 
example, as shown in Fig. 9, a digital design for each of 
the. sawtooth generators 114H and 114V may be achieved by 
using first and second counters 121, 122, a subtraction 
circuit (subtractor) 123 and an exclusive OR circuit 124. 
The counters 121, 122 of the sawtooth signal generators 
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are reset (at reset inputs R thereof) by reset pulses at 
the repetition period of the output sawtooth signal to 
count clock pulses X at a repetition period corresponding 
to the pixel pitch. That is, for forming the sawtooth 
signal for the horizontal scanning period, the counters 
121, 122 are reset by rest pulses at the horizontal 
scanning period for counting clock pulses at a repetition 
period corresponding to the pixel pitch in the horizontal 
direction. For forming the sawtooth signal at the 
vertical scanning period, the counters 121, 122 are reset 
by reset pulses at the vertical scanning period for 
counting clock pulses at a repetition period 
corresponding to the pixel pitch in the vertical 
direction, that is the horizontal scanning period. 

The first counter 121 has a carry output terminal 
(CRY) thereof connected to a load input terminal (LOAD) 
thereof, and coefficient data supplied to a data input 
terminal (DATA) thereof are loaded at the timing of the 
carry output. The coefficient data represent the 
gradient or inclination of the output sawtooth signal. 
The coefficients b^, byu, b w and bvw# calculated by the 
arithmetic device 112 during the mode of detecting the 
shading characteristics, are used as the coefficient 
data. The first counter 121 transmits the carry output 
to an enable input terminal (EN) of the second counter 
122 at a repetition period consistent with the loaded 
coefficient data. 

The second counter 122 counts the clock pulses X 
each time a carry output of the first counter 121 is 
supplied to the enable input terminal of the counter 122 
to output sawtooth signal data y^ having a gradient 1/b 
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corresponding to the coefficient data b. The sawtooth 
signal data y sw , formed by the second counter 122, are 
supplied to the subtracter 123, in which the value n/2b 
is subtracted from the data y sw to remove the d c 
component and provide a sawtooth signal output as shown 
in Fig. 10. (Fig, 10 shows two signals, namely one for 
b=l, represented by a full line, and one for b=2, 
represented by a dashed line.) 

The above-mentioned value n stands for the total 
number of pixels per scanning line when the sawtooth 
signal at the horizontal scanning period is to be formed, 
and the total number of pixels in each frame when the 
sawtooth signal at the vertical scanning period is to be 
formed . 

The sawtooth signal data y swo , thus freed of the d c 
component by the subtractor 123, and represented by 

1 n 

Yswo = > ( 14 } 

b 2b 

is output ted, after polarity data are provided thereto in 
the exclusive OR circuit 124. 

A digital configuration or design for each of the 
parabolic signal generators 115H, 115V may be achieved, 
as shown by way of example in Fig. 11, by using a 
sawtooth signal generator 131, an integrating circuit 132 
and a subtraction circuit 133. 

The sawtooth signal generator 131 is constituted by 
a first counter 134, which has a data input terminal 
(DATA) thereof supplied with coefficient data 
representing the gradient of the output sawtooth signal, 
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and a second counter 13 5, which has an enable input 
terminal (EN) thereof supplied with a carry output (CRY) 
of the first counter 134. The counters 134, 135 are 
reset (at reset inputs R thereof) by reset pulses at the 
repetition period of the parabolic signals generated by 
the parabolic signal generator of digital configuration 
to count clock pulses X at a repetition period 
corresponding to the pixel pitch- Thus, when forming the 
parabolic signal at the horizontal scanning period, the 
counters 134, 135 are reset by reset pulses at the 
horizontal scanning period to count clock pulses of a 
repetition period corresponding to the horizontal pixel 
pitch. On the other hand, when forming the parabolic 
signal at the vertical scanning period, the counters 134 , 
135 are reset by rest pulses at the vertical scanning 
period to count clock pulses of a repetition period 
corresponding to the pixel pitch in the vertical 
direction, that is the vertical scanning period. 

The first counter 134 has its carry output terminal 
(CRY) connected to a load input terminal (LOAD) thereof, 
and the input coefficient data supplied to its data input 
terminal (DATA) is loaded at the timing of the carry 
output. The coefficient data, as mentioned above, 
represent the gradient or inclination of the output 
sawtooth signal. The coefficients a^, a^, and a w , 
calculated by the arithmetic unit 112 during the mode of 
detecting the dark current characteristics, are used as 
the coefficient data. The counter 134 transmits the 
carry output to the enable input terminal (EN) of the 
second counter 135 at a repetition period consistent with 
the loaded coefficient data. 
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The second counter 135 counts the clock pulses X 
each time a carry output of the first counter 124 is 
supplied to the enable input terminal of the counter 135 
to output sawtooth signal data y sw , represented by the 
equation 



( 15 } 



having a gradient l/a consistent with the coefficient 
data a. 

The sawtooth signal output ted by the sawtooth signal 
generator 131 is shown by a straight line in Fig. 12. 
(More precisely, two such sawtooth signals are shown in 
Fig. 12, namely one for a«l, represented by a full 
straight line, and one for a«2, represented by a dashed 
straight line . ) 

The integrating circuit 132 for integrating the 
sawtooth signal data y^ from the sawtooth signal 
generator 131 is constituted by an adder (addition 
circuit) 136 supplied with the data y sw , a latch (latch 
circuit) 137 for latching an addition output from the 
adder 13 6 , and a subtractor (subtraction circuit) 13 9 
supplied with the data y^ via a 1/2 (one half) multiplier 
138. The latch 137 transmits latch output data thereof 
to the adder 13 6 and to the subtractor 13 9. 

In operation of the above -described. integration 
circuit 132, the adder 13 6 adds the sawtooth signal data 
y SM from the sawtooth signal generator 131 to the latch 
output data from the latch 13 7, and the addition output 
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is latched for cumulatively adding the sawtooth signal 
data Vs*. The subtractor 139 subtracts sawtooth signal 
data Ysw/ 2 , supplied via the 1/2 multiplier 138, from the 
latch output data of the latch 137 (that is, the 
cumulative sum data of the sawtooth signal data y w ) to 
form parabolic signal data represent by the equation y pb 



x i i 1 

ypb=Z — - = X 2 

a 2a 2a 



w _ — — ("> 



The parabolic signal data y pb generated by the 
integrating circuit 132 are supplied to the subtraction 
circuit 133, there the value n/3a is subtracted from the 
data y pb . Thus, parabolic signal data y pb0 freed of d c 
components, as represented by the equation 

1 n 

x'-_. (17) 
2a 3a 



and as shown by a curved line in Fig. 12, are output ted. 
(More precisely, two such parabolic signals are shown in 
Fig. 12, namely one for a=l, represented by a full curved 
line, and one for a*=2, represented by a dashed curved 
line . ) 

The symbol n used in the above equations represents 
the total number of pixels per scanning line and the 
total number of scanning lines per frame, according to 
whether the sawtooth signal for the horizontal scanning 
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period or the sawtooch signal for Che vertical scanning 
period, respectively, are being formed . 

The sawtooth signal data and the parabolic 
signal data y pbo , formed by the sawtooth signal generator 
and the parabolic signal generator of digital circuit 
configuration, respectively, may be summed together to 
provide a digital dark current correction signal or 
signals. That digital dark current correction signal or 
signals may be converted by digital to analog converting 
means into a corresponding analog signal or signals and 
supplied to the correction circuit 103. 

The correction circuit 10 3 may if desired by 
designed to have a digital configuration and be provided 
downstream of the A/D converter 105 to perform the dark 
current correction in a digital fashion, though this 
involves a complicated processing operation in the 
vicinity of the knee point in the preknee processing 
operation. In addition, the circuit is increased in size 
as regards black dark current correction because a 
subtraction operation needs to be performed after the 
dark current correction signal is multiplied by a gain 
after gain switching on the analog side. 

In the present embodiment, the shading correction 
signal forming section 110 checks whether the dark 
current correction error in the shading corrected imaging 
output data for the dark current correction mode is not 
more than a predetermined value stored in the memory. 113, 
If the dark current correction error is larger than the 
predetermined value, the signal forming section 110 
causes the gains of the iris control circuit 108 and the 
preamplifier 102 to be changed to reduce the error and, 
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using these changed (renewed) gains, repeats the 
operation of the dark current detecting mode to store 
coefficient data which will give a dark current 
correction error not larger that the predetermined value. 
In this way, the imaging signal from the imaging device 
101 may be subjected to optimum dark current correcting 
processing . ....... 

With the above-described dark current correction 
apparatus embodying the invention, black and/or white, 
dark current characteristics may be detected by digital 
processing of imaging output signals obtained from an 
imaging device comprising an array of large number of 
pixels in a matrix conf iguration with no light falling on 
the imaging device and with light of uniform light 
intensity incident on all of an imaging surface of the 
imaging device, according to which sawtooth signals and 
parabolic signals having the levels necessary for dark 
current correction may be formed automatically. By 
sampling imaging output signal level data of the pixels 
of the imaging device at a predetermined interval in both 
the vertical and horizontal directions, dark current 
characteristics of the imaging output signal of the 
imaging device may be detected on the basis of first and 
second data strings each having a reduced data amount or 
volume, so that dark current characteristics may be 
detected using a memory of a reduced storage capacity. 

Thus, in accordance with the present embodiment, 
which provides a dark current correcting apparatus in 
which an imaging output signal from the imaging device is 
subjected to dark current correcting processing by means 
of sawtooth signals from sawtooth signal generators and 
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parabolic signals from parabolic signals generators, 
satisfactory dark current correction may be performed 
quickly and reliably by a simple circuit. 

References in the foregoing description and in the 
appended claims to a dark current signal component being 
eliminated from an output signal of an image pick-up 
device (imaging device) are to be construed as covering 
both complete and partial elimination. 

Although illustrative embodiments of the invention 
have been described in detail herein with reference to 
the accompanying drawings, it is to be understood that 
the invention is not limited to those precise 
embodiments, and that various changes and modifications 
can be effected therein by one skilled in the art without 
departing from the scope and spirit of the invention as 
defined by the appended claims. 
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What is claimed is: 

l - A defective pixel correction apparatus for 
eliminating a defective pixel signal component from an 
output signal of an image pick-up device having a 
plurality of pixels, the apparatus comprising: 

exposure control means for controlling an exposure 
level of said image pick-up device; 

analog to digital converting means for converting an 
output signal of said image pick-up device into a digital 
video signal; 

memory means for memorizing level data of said 
digital video signal outputted from predetermined ones of 
said pixels of said image pick-up device while said 
exposure control means is operative to control said 
exposure level such that said image pick-up device is 
uniformly exposed; 

defective pixel correction signal generating means 
for generating a defective pixel correction signal 
according to data read out from said memory means ; 

signal processing means for processing an output 
signal produced by said image pick-up device while said 
image pick-up device is exposed to pick up an image, 
according to said defective pixel correction signal, so 
that said defective pixel signal component is eliminated 
from said output signal produced by said image pick-up 
device while said image pick-up device is exposed to pick 
up an image, and wherein said memory means is operative 
to memorize level data at predetermined periods adjacent 
to periods in which defective pixel correction data are 
memorized in said memory means , the level of said level 
data being the same as the levels of said digital video 
signal just after blanking intervals of said digital 
video signal. 
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2. Apparatus according to claim 5, wherein said signal 
processing means comprises dividing means for dividing 
said output signal, produced by said image pick-up device 
while said image pick-up device is exposed to pick up an 
image, by said defective pixel correction signal. 

3. A defective pixel correction apparatus for 
eliminating a defective pixel signal component from an 
output signal of an image pick-up device having a 
plurality of pixels, the apparatus comprising: 

exposure control means for controlling an exposure 
level of said image pick-up devices- 
analog to digital converting means for converting an 
output signal of said image pick-up device into a digital 
video signal; 

memory means for memorizing level data of said 
digital video signal outputted from predetermined ones of 
said pixels of said image pick-up device while said 
exposure control means is operative to control said 
exposure level such that said image pick-up device is 
uniformly exposed; 

defective pixel correction signal generating means 
for generating a defective pixel correction signal 
according to data read out from said memory means; 

signal processing means for processing an output 
signal produced by said image pick-up device while said 
image pick-up device is exposed to pick up an image, 
according to said defective pixel correction signal, so 
that said defective pixel signal component is eliminated 
from said output signal produced by said image pick-up 
device while said image pick-up device is exposed to pick 
up an image, and wherein said defective pixel correction 
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signal generating means is operative repeatedly to read 
out the leading data in each line from said memory means 
during predetermined periods of blanking intervals of 
said digital video signal. 

4 ♦ A defective pixel correction apparatus for 
eliminating a defective pixel signal component from an 
output signal of an image pick-up device having a 
plurality of pixels, the apparatus comprising: 

exposure control means for controlling an exposure 
level of said image pick-up device; 

analog to digital converting means for converting an 
output signal of said image pick-up device into a digital 
video signal; 

memory means for memorizing level data of said 
digital video signal outputted from predetermined ones of 
said pixels of said image pick-up device while said 
exposure control means in operative to control said 
exposure level such that said image pick-up device is 
uniformly exposed; 

defective pixel correction signal generating means 
for generating a defective pixel correction signal 
according to data read out from said memory means; 

signal processing means for processing an output 
signal produced by said image pick-up device while said 
image pick-up device is exposed to pick up an image, 
according to said defective pixel correction signal, so 
that said defective pixel signal component is eliminated 
from said output signal produced by said image pick-up 
device while said image pick-up device is exposed to pick 
up an image, wherein said defective pixel correction 
signal generating means comprises: 
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interpolating means for interpolating data read out 
from said memory means; 

digital to analog converting means for converting an 
output signal of said interpolating means into an analog 
signal; and 

low-pass filter means connected to an output of said 
digital to analog converting means for output ting said 
defective pixel correction signal. 

5. A dark current correction apparatus for eliminating 
a dark current signal component from an output signal of 
an image pick-up device having a plurality of pixels, the 
apparatus comprising: 

exposure control means for controlling an exposure 
level of said image pick-up device; 

analog to digital converting means for converting an 
output signal of said image pick-up device into a digital 
video signal; 

sampling means for sampling said digital video 
signal in vertical and horizonal directions at 
predetermined intervals while said exposure control means 
is operative to control said exposure level to be at zero 
level ; 

quadratic curve generating means for generating 
first and second quadratic curves according to said 
digital video signal as sampled in the vertical and 
horizontal directions; 

sawtooth signal generating means for generating a 
sawtooth signal; 

parabolic signal generating means for generating a 
parabolic signal; 
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first level control means for controlling the level 
of said sawtooth signal according to coefficients of a 
second order term of said first and second quadratic 
curves ; 

second level control means for controlling the level 
of said parabolic signal according to coefficients of a 
first order term of said first and second quadratic 
curves; and 

signal processing means for processing an output 
signal produced by said image pick-up device while said 
image pick-up device is exposed to pick up an image, 
according to output signals of said first and second 
level control means, so that said dark current signal 
component is eliminated from said output signal produced 
by said image pick-up device while said image pick-up 
device is exposed to pick up an image. 

6 . A defective pixel correction apparatus for 
eliminating a defective pixel signal component from an 
output signal of an image pick-up device having a 
plurality of pixels, the apparatus comprising: 

exposure control means for controlling an exposure 
level of said image pick-up device; 

analog to digital converting means for converting an 
output signal of said image pick-up device into a digital 
video signal; 

sampling means for sampling said digital video 
signal in vertical and horizontal directions at 
predetermined intervals while said exposure control means 
is operative to control said exposure level such that 
said image pick-up device is uniformly exposed; 
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quadratic curve generating means for generating 
first and second quadratic curves according to said 
digital video signal as sampled in the vertical and 
horizontal directions; 

sawtooth signal generating means for generating a 
sawtooth signal; 

parabolic signal generating means for generating a 
parabolic signal; 

first level control means for controlling the level 
of said sawtooth signal according to coefficients of a 
second order term of said first and second quadratic 
curves; 

second level control means for controlling the level 
of said parabolic signal according to coefficients of a 
first order term of said first and second quadratic 
curves; and 

signal processing means for processing an output 
signal produced by said image pick-up device while said 
image pick-up device is exposed to pick up an image, 
according to output signals of said first and second 
level control means, so that said defective pixel signal 
component is eliminated from said output signal produced 
by said image pick-up device while said image pick-up 
device is exposed to pick up an image. 
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